A 



TITLE OF THE INVENTION 

PLASMA - ENHANCED PROCESSING APPARATUS 



BACKGROUND OF THE INVENTION 

[0 0 0 1] The invention of this application relates to a 
plasma - enhanced processing apparatus that carries out a process on 
a substrate utilizing plasma. 

[0 0 0 2] Processes onto a substrate have been carried out 
variously and widely inVmanufacture of many kinds of semiconductor 
devices such as DRAM (Dynamic Random Access Memory) s, and liquid 
crystal displays (LCD) . SucW substrate processes sometimes use a 
plasma - enhanced processing apparatus where a substrate process is 
carried out utilizing plasma generated in a process chamber. For 
example/ a plasma - enhanced etching apparatus is often used for 
'(etching through a mask pattern\ formed of pho to - res i s t . The 
plasma - enhanced etching apparatus! carries out the etching 
utilizing reaction of ions, activates or radicals produced in the 
plasma . Plasma - enhanced processing apparatuses have the merits 
that substrate contamination scarcely occurs because process is 
carried out under : vacuum pressure, and fine\pattern formation is 
easy. 

[ 0 0* 0 3 ] Plasma -enhanced' processing apparatuses are 



) 



divided into several types according to system of plasma 
generation. One type of apparatus has a couple of planar electrodes 
parallel to each other. One of electrodes is commonly used as a 
substrate holder that holds a substrate at a specific position. 
The front surface of the other electrode faces in parallel to the 
substrate. The other electrode is hereinafter called "opposite 
electrode". In many cases, a high-frequency (HF) power source is 
connected with the electrode commonly used as the substrate holder. 
Here, frequencies between LF (Low Frequency) and UHF (Ultra-High 
Frequency) are defined as HF (High Efficiency) . Plasma is generated 
by HF energy supplied from the HF power source. The opposite 
electrode is usually earthed. The HF electric field is 
perpendicular to the substrate, and uniform along directions 
parallel to ' the substrate. Therefore, ions in the plasma are 
accelerated* perpendicularly and uniformly to the substrate. A 
highly efficient and uniform plasma - enhanced process can be 
carried out utilizing effect of ions incident on the substrate . 



[0 0 0 4] The oppbsite electrode is roughly composed o 




f a 



front board facing to the s\bstrate and a main body in contact with 



the front board-. The main bod\ is made of ' metal because it has the 



role of voltage introduction port for maintaining the front board 



at a specific potential. The frontYboard is removable from : the main 



body. This is because it is required to replace the front board to a 
new one. Replacement of the front board is from the following 
reason . 

[0 0 0 5] In plasma - enhanced processing apparatuses, the 
surface of an electrode is etched by incident ions from plasma, 
resulting in that it is eroded gradually. If the electrode is made 
of material that is not etched, deposition may occur on the 
electrode. For example, when plasma is formed of carbon fluoride 
gas, a carbon film is deposited on the electrode from decomposition 
of carbon fluoride gas in the plasma. Deposit on the electrode may 
peel off from internal stress or weight of itself, thus producing 
contaminants. The term "contaminant 11 in this specification 
generally means substance that may contaminate a substrate or a 
process. When a contaminant adheres to the substrate, sometimes a 
serious circuit defect such as disconnection may be brought. 
Contrarily, if the electrode is made of material capable of being 
etched such as silicon, deposition of product in the plasma is 
suppressed. Therefore, production of contaminants is suppressed as 
well .. 

[0 0 0 6] When the front board is made of material capable 
of being etched as described, the front board is made thinner as the 
process is repeated. Therefore, it is necessary to replace the 
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front board to a new one after repeating specific times of the 
processes. The front board is installed by screwing with the main 
body. The front board has a tapped hole, through which the front 
board is screwed. 

.[0007k In described conventional apparatuses, when 
plasma is generated, temperature of the front board increases, 
accepting heat from\ the plasma. Because the front board is 
completely fixed with tire main body at positions of screwing, large 
internal stress is generated at those positions. Therefore, if the 
front board is made of \f ragile material such as silicon 
mono- crystal , the front board\j.s sometimes cracked or broken before 
a replacement period. 

[0 0 0 8] If the front bo^rd is cracked or broken before a 
replacement period, it leads to Increase of cost for the front 
boards. If the front board is broken wJiile a substrate is processed, 
the broken front board may fall on the\subs trate under processing, 
destroying elements formed on the substrate. When it is worst, the 
substrate cannot be used no longer. As a\result, large loss that 
makes the yield decrease much is brought. InNaddition, to resume the 
process requires steps of; temporarily ventiiW the process chamber 
to open it to the atmosphere, eliminating the broken front board, 
and then pumping the process chamberagain\ This operation may make 



produc tivi ty mhch decrease because it takes long time. 

[0 0 0 9] \ Besides, temperature distribution on the front 
board tends to be\out of uniform in the structure where the front 
board is screwed wAth the main body. The front board is in much more 
contact with the main body at the screwing area, contrarily being in 
less contact at the other area. When temperature of the front board 
increases by heat froim the plasma, heat is transferred to the main 
body largely through the screwing area in much contact, contrarily 
transferred much less \ through the other area. As a result, 
temperature of the front \board at the screwing area is lower than 
the other area, thus making temperature distribution on the front 
board out of uniform. If the main body has a cooling mechanism that 
cools the front board by depriving the front board of heat, this 
non-uniformity of temperature Vlis tribution becomes more serious. 

[0 0 10] Temperature on the substrate facing to the front 
board increases receiving heat from the front board. When 
temperature of the front board is out of uniform, temperature of the 
substrate becomes out of uniform as 1 well. As a result, a process 
onto the substrate becomes out of uniform as well . 

[0 0 11] Taking the plasma - enhanced etching as an- example, 
the above problem is described. Reactibn in the plasma - enhanced 
etching is the one competing to the thin- film deposition by 



chemical substance produced in the plasma. The etching does not 
much depend on temperature because it is enabled mainly from effect 
of ion. On the other harM, the thin- film deposition highly depends 
on temperature because iA is enabled from effect of neutral polymer 
or activate. If there is\the relation that the deposition rate 
increases as temperature decreases, the thin- film deposition is 
not promoted on the high - temperature surface area of the front 
board. As a result, etching rane on the substrate becomes lower at 
the area facing to the low - temAerature area of the front board, 
because neutral polymer or activate is deposited on the substrate 
to impede the etching. Therefore, etching rate on the substrate is 
lower at the area facing to the high\ temperature area of the front 
board, and higher at the area facing tlie low - tempera ture area of the 
front board. \ 

[0 0 12] Not only the plasma - enhanced etching but also 
other plasma - enhanced processes have Vhe described problem. 
Plasma - enhanced processing apparatuses comprising a front board 
facing to a substrate generally have the problem that temperature 
non-uniformity of the front board leads to non-uniformity of the 
substrate temperature, which deteriorates homogeneity of the 
subs trate process . \ 



SUMMARY OF THE INVENTION 



[0 0 13] Object of this invention is to solve probl 



ems 



described above. 

[0 0 1 4\ To accomplish this object, the invention presents 
a plasma - enhanced processing apparatus, comprising; a process 
chamber in which aNsubstrate is processed, a pumping system that 
pumps the process \hamber, a gas - in troduc t ion system that 
introduces process \gas into the process chamber, a 
plasma - generation means rhat generates plasma in the process 
chamber by applying energy tcXthe process gas, a substrate holder 
that holds the substrate in Vhe process chamber, wherein an 
r opposite electrode facing to the\subs trate held by the substrate 
holder is provided, and the opposi te\elec trode comprises a clamping 
mechanism that clamps the front board \o support it. 



BRIEF DESCRIPTION OF DRAWINGS 

[0 0 1 5] Fig.l is a front cross - sectional view of the 
plasma - enhanced processing apparatus of the\first embodiment of 



the invention. 

Fig. 2 is a cross - sec tional view showingr installation 
structure of the front board 5 in the apparatus shown iii Fig.l. 

Fig. 3 is a plane view of the front board 5 in tire apparatus 



shown in Fig . 1 . 

Fig. 4 is a cross - sec tional view of the front board 5 shown in 
Fig. 3. \ 

Fig. 5 explaVns the advantage with regard to temperature 
control of the front board 5, showing temperature change of the 
front board 5 in repeating the etching. 

Fig. 6 is a front aross - sec tional view of the main part of the 
plasma-enhanced processing apparatus of the second embodiment. 

Fig. 7 is a front cross - sec tional view of the main part of the 
plasma - enhanced processing, apparatus of the third embodiment. 

Fig. 8 is a front cross-sectional view of the main part of the 
plasma - enhanced processing apparatus of the fourth embodiment. 

Fig. 9 shows result of an examination for relationship between 
screwing torque of the clamping palate 631 and contact of the front 
board 5 onto the main body 61 . \ 

Fig. 10 shows result of an examination for relationship between 
screwing torque of the clamping plate\631 and reproducibility of 
the etching . . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[00:1 6] Preferred embodiments of the invention are 
described as follows. In the following description, 



plasma - enhanced etching apparatuses are adopted as examples of 
plasma - enhanced processing apparatuses. Fig.l is a front 
cross - sectional view of the plasma - enhanced processing apparatus 
of the first embodiment of the invention. 

[0 0 1 7] feie apparatus shown in Fig.l comprises a process 
chamber 1 in which aVsubstrate 9 is processed, a gas - introduction 
system 2 that introduces process gas necessary for 
plasma - enhanced etching into the process chamber 1, a 
plasma - generation means 3 that generates plasma in the process 
^chamber 1 by applying energy t\the process gas, a substrate holder 
4 that holds the substrate 9 iri the process chamber 1, and an 
opposite electrode 6 having a front looard 5 facing to the substrate 
9 held by the substrate holder 4. \ 

[0 0 1 8] The process chamber 1 is an airtight vacuum 
chamber, which is pumped by a pumping system 11. The process chamber 
1, which is made of metal such as stainless steel, is electrically 
grounded. The pumping system 11, which comprises a vacuum pump (not 
shown) and pumping speed controller (not shown), can pump the 
process chamber 1 at a vacuum pressure f rom 10 3 Pa to lOPa . 

, v [0 0 19] The gas - introduction system 3 can introduce the 
process gas at a specific flow rate. In this embodiment, reactive 
gas such as CHF 3 is introduced into the process chamber 1 as 



component of the process gas. The gas - introduction system 2 
comprises a gas bomb in which the process gas is stored, and a gas 
pipe interconnecting the gas bomb and the process chamber 1. 

[0020] The plasma generation means 3 generates the 
plasma by applying HF energy to the introduced process gas. An HF 
source 31 is provided as a component of the plasma generation means 
3. The HF source 31 is connected with the substrate holder 4. The HF 
source 31 is hereinafter called "holder-side HF source". Frequency 
of the holder- side HF source 31 is in the range from lOOKHz to 
100MHz. There may be the case that a couple of HF sources which 
frequency is different from each other are connected in parallel. 
Output power of the holder-side HF source 31 may be about 300-2500W. 
When the holder-side HF source 31 applies HF voltage with the 
substrate holder 4, HF discharge is ignited by HF field applied in 
the process chamber 1, thus generating the plasma. The substrate 
holder 4 and the front board 5 act as electrodes for sustaining the 
HF discharge . 

[0 0 2 1] The substrate holder 4 is roughly composed of a 
main bock 41 and holding block 42 in contact with the main bock 41. 
The main block 41, with which the the holder - side HF source 31 is 
connected, is made of metal such as aluminum or stainless steel. The 
holding block 42 > on which the substrate 9 is held, is made of 
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dielectric such as alumina. 

[0 0 2 2] An- electro- static chucking mechanism 8 that 
chucks the substrate 9 by static electricity is provided with the 
substrate holder 4. The electro- static chucking mechanism 8 is 
roughly composed of a chucking electrode 82 provided in the holding 
block 42, and a chucking power supply 81 that applies negative 
direct voltage with the chucking electrode 82. An insulation tube 
84 is provided in the substrate holder 4. The insulation tube 84 
reaches the holding block 42, penetrating the main block 41. An 
introduction member 83 inserted into the insulation tube 84 is 
connected with the chucking electrode 82 at the one end. The other 
end of the introduction member 83 is connected with the chucking 
power supply 81. 

[0 0 2 3] A capacitor 32 is provided on the line 
interconnecting the holder- side HF source 31 and the substrate 
holder 4 on purpose that the holder-side HF source 31 can be 
commonly used as a self -bias power supply for giving the self -bias 
voltage to the substrate 9. When the plasma is generated in the 
process chamber 1 in state that the holder- side HF source 31 applies 
the * HF ; field through capacitance, surface potential of the 
substrate 9 alters in the way that negative direct voltage is 
superimposed on alternating voltage. This negative direct voltage 



is the self -bias voltage. 

[0 0 2 4] A correction ring 45 is provided surrounding the 
top surface of the substrate holder 4. The correction ring 4 is made 
of the same material as the substrate 9, for example silicon 
mono - crystal . Temperature of the periphery of the substrate 9 tends 
to be lower than the center, because of heat diffusion from the edge 
of the substrate 9. The correction ring 45 makes temperature of the 
substrate 9 uniform by irradiating heat for offsetting heat 
diffusion from the edge. 

[0 0 2 5] The plasma generated in the process chamber 1 is 
sustained by ions ^nd electrons released from the substrate 9 
through the etching. Density of the plasma tends to be lower at the 
space region facing to the periphery of the substrate 9 than the 
space region facing to the center of the substrate 9. This is 
another reason why the correction ring 4 5 made of the same material 
as the substrate 9 is provided. \he correction ring 45 supplies ions 
and electrons with the space regiVn facing to the periphery of the 
substrate 9, thereby making the plaslna density uniform. 

[0 02 6] The substrate holder 4 is installed with the 
process chamber : i interposing an insulation block 46. The 
insulation block 46, which is made of insulator such as alumina, 
protects the main block 41 from the plasma as well as insulates the 



main block 41 from the process chamber 1. Vacuum seals such as 
O-rings are provided at the interface of the substrate holder 4 and 
the insulation block 46, and the interface of the process chamber 1 
and the insulation block 46 . 

[0 0 2 7] Next aVe described details of the front board 5 and 
the opposite electrode 6, which greatly characterize this 
embodiment. Fig. 2 is a crbss-sectional view showing installation 
structure of the front board 5 in the apparatus shown in Fig.l. 
^^Fig.3 is a plane view of the fr^vt board 5 in the apparatus shown in 
Fig.l. Fig. 4 is cross - sec tional view of the front board 5 shown in 
Fig . 3 . 

[0 0 2 8] In addition to the front board 5, the opposite 
electrode 6 in this embodiment comprises a main body 61 and an 
insulation casing 62 in which the main body 61 is stored. The 
process chamber 1 has an opening for installation of the opposite 
electrode 6. The opposite electrode 6 is installed airtightly on 
this opening, and projects downward in the process chamber 1. 

[0 0 2 9] As shown in F^a . 1 ■, the front board 5 faces to the top 
surface of the substrate holder, 4 in parallel. As shown in Fig. 3, 
the front board 5 is circular. The m&in body 61 is made of metal such 
Vas aluminum or stainless steel . As shown in Fig . 1 , the main body 61 , 
which cross - sec tional shape is like reversed "T", is composed of a 
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circular board portion having the same radius as the front board 5, 
and an upright supportVortion which is coaxial with the circular 



[0 0 3 0] An earthing part 72 and an extra HF source 73 are 
connected in parallel with the main body 61 interposing a switch 71. 
The switch 71 enables to select whether the main body 61 is 
maintained at the earth potential or applied HF voltage to. 
Frequency of the extra HF source is preferably different from the 
holder-side HF source 31. This is to prevent generation of 
high-energy load caused from interference of two HF waves. 
Frequency of the extra HF field 73 may be about 10-100MHz. Output 
power of the extra HF field 73 may be about 3 00 -3 000W. 

[0 0 3 1] When the extra HF source 73 is used for the plasma 
generation in addition to the holder- side HF source 31, it is 
enabled to make the plasma density higher, because HF energy 
applied to th'e plasma is increased. By this higher-density plasma, 
the etching rate is increased. The plasma may be generated only by 
the extra HF source 73. This case has the advantage that damage of 
the substrate 9 by charged particles from the plasma is suppressed 
because the plasma is generated limitedly at a spaces region 
adjacent to the front board 5, which is apart from the substrate 9. 

[0 0 3 2] In the case that HF voltage is applied to the main 




body 61, when the front board 5 is made of dielectric, the self -bias 
voltage is given to the down surface of the front board 5. Even in 
the case the front board 5 is made of conductor or semiconductor, 
when HF voltage is applied to it through capacitance, the self -bias 
voltage is given to the down surface of it as well. In the case that 
the main body 61 is earthed and the front board 5 is made of 
dielectric, the down surface of the front board 5 takes the floating 
potential . 

[0 0 3 3] ^NA concavity (not shown) is provided at the down 
surface of the manSn body 61. This concavity is shallow, having depth 
of about 0 . 01 - 1 . OOimn . The plane view of this concavity is coaxial 
with the front board ^ and slightly smaller than the front board 5 
in radius. The front board 5 is in contact with the main body 61 at 
the outside of the concavity. 

[0 0 3 4] The point characterizing this embodiment greatly is 
that the described front board 5 is clamped by a clamping mechanism 
63. The clamping mechanism 63 is roughly composed of a clamping 
plate 631 that covers the periphery of the front board 5, and a 
clamping screw 632 fastening the' clamping plate 631 onto the main : 
body 6. The clamping plate 631 is a ring-shaped member as a whole. 
The cross -sectional shape of the clamping plate 631 is composed of 
an upright portion and a level portion, being shaped 11 L 11 at the left 
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side as shown in Fig. 2. The front board 5 is sandwich by the main 
body 61 and the level of the clamping plate 631. 

[0 0 3 5] The upper end of the clamping plate 631 is in contact 
with the bottom of the insulation casing 62. The clamping plate 631 
is fastened on the insulation casing 62 by the clamping screw 632 . A 
hole is tapped through the clamping plate 631 for fastening by the 
clamping screw 632. By this fastening, the front board 5 is clamped 
between the clamping plate 631 and the main body 61. For clamping 
the front board 5 adequately, the clamping plate 631 and the 
clamping screw 632 are made of metal such as stainless steel or 
aluminum, or ceramics. 

[0 0 3 6] The^front board 5 is made of silicon poly-crystal as 
described. This is much relevant to that the front board 5 is not 
screwed but clamped by cvhe clamping mechanism 63. The front board 5 
is preferably made of Vaterial capable of being etched as 
described. As such the material, quartz, i.e. silicon oxide, or 
carbon is adopted conventionally. For example, in etching a silicon 
NjVpxide film formed on the substrate 9, the front board 5 made of 
(quartz is etched by the same mechanism as on the substrate 9. In the 
case that the front board is maide\of carbon, when plasma is 
generated introducing carbon fluoride g^s, activates or ions from 
the plasma rieact with the front board 5 to\roduce volatile carbon 



fluoride, thus etchiri^the front board 5 . 

[0 0 3 7] However, even in the case the front board 5 is made 
of such quartz or carbon, the substrate 9 possibly may be 
contaminated. For example, when quartz is etched, silicon oxide is 
decomposed to release oxygen, which may cause the problem to 
oxidize the surface of the substrate 9. Taking this point into 
consideration, what has lowest probability to contaminate the 
substrate 9 is material just the same as the substrate 9. In this 
embodiment, the substrate 9 is supposed to be a silicon wafer. This 
is why silicon poly-crystal is chosen as material of the front board 
5 . 

[0 0 3 8] Because silicon poly-crystal is mechanically weak, 
conventionally it has not been chosen as material of the front board 
5. However, in this embodiment, much inside stress is not generated 
in the front board because the front board 5 is only clamped by the 
clamping mechanism 63. Therefore, silicon poly-crystal can be 
chosen as material of thei front board 5. As easily understood, even 
when silicon mono-crystal is chosen, the same effect as silicon 
poly- crystal can be obtained. 1 

[0 0 3 9] Instead of silicon poly-crystal and silicon 
mono - crystal , 1 silicon carbide , silicon- doped silicon carbide, 
carbon, silicon nitride, alumina, sapphire, or quartz can be chosen 



as material of the front board 5. For structure of the front board 
5, a silicon carbide film may be deposited on a body made of carbon, 
or the surface of a body made of carbon may be inverted to silicon 
carbide . 

[0 0 4 0] Ate shown in Fig. 2, the clamping plate 631 and the 
clamping screw 632vare covered by a protector 64. The protector 64 
is to make the clamMng plate 631 and the clamping screw 632 not 
exposed to the plasma\ If the clamping plate 631 and the clamping 
screw 632 are exposed ttp the plasma, those are possibly etched, 
releasing material that cWld contaminate the substrate 9. If the 
clamping plate 631 and the clamping screw 632 is made of material 
that is not etched, when the\clamping plate 631 and the clamping 
N^screw 632 are exposed to the plasma, products in the plasma are 
deposited, causing the problem thcLt particles are produced from the 
peeled deposit. Considering this point, the protector 64 covers the 
clamping plate 631 and the clamping s\rew 632. The protector 64 is 
made of material that causes no problem if it is etched. Such 
material is quartz or carbon 

[0 0 4 1] As shown in Fig .2 ; the pro tec tor 6 4 is L-shaped in 
cross section and a ling- like membier as a whole. The protector is 
also composed of an upright portion and a level portion. The 
protector 64 covers the clamping plate 631 and the clamping screw 



632 at the level portion. The protector 64 is screwed at the upright 
portion with the insulation casing 62 by a screw 641. The screw 641 
is preferable made of material not contaminating the substrate 9, 
as well as the protector 64. Still, the screw 641 may be made of 
stainless steel or aluminum because it is located at the position 
further from the plasma between the front board 5 and the substrate 
holder 4 . 

[0 0 4 2] A cooling mechanism 65 is provided with the main 
body 61 of the opposite electrode 6. The cooling mechanism 65 cools 
the front board 5 by circulating coolant through the main body 61. 
The cooling mechanism 65 is roughly composed of a coolant supply 
pipe 651 that supplies coolant into a cavity in the main body 61, a 
coolant drainage pipe 652 that drains coolant from the cavity, a 
pump or circulator 653 for supply and drainage of coolant. As 
coolant; for example, Fluorinate manufactured by 3M corporation is 
used. The front board 5 is cooled at 90- 150 ^ via the main body 61 
by such coolant kept at 20 - 80 °C . 

[0 0 4 3] A sheetVade of carbon (hereinafter called "carbon 
sheet" ) is provided between the main body 61 and the front board 5. 
The carbon sheet is to enhance thermal contact of the front board 5 
and the main body 61. The surfaces of the front board 5 and the main 
body 61 in contact with each otheV are not completely flat, i.e., 



slightly uneven. Therefore, there is a minute gap between the front 
board 5 and the main body 61. This gap has low thermal conductivity 
because it is under vacuum pressure . The carbon sheet is filled this 
gas with, thereby enhancing the thermal conductivity. A sheet 
formed of compressed carbon fiber can be used as the carbon sheet. 
Thickness of the carbon sheet is 0.02 -4mm, preferably 2mm. Instead 
of the carbon sheet, a sheet made of conductive rubber or indium can 
be used for the same purpose. 

[0 0 4 4] A gas-flow path 611 is provided in the main body 61 
so that the gas introduction system 2 can introduce the process gas 
into the process chamber 1 . As shown in Fig . 1 , the gas - flow path 611 
is elongated vertically, penetrating through the main body 61. The 
gas pipe of the gas introduction system 2 is connected with the 
upper end of the gas - flow path 611 . 

[0 0 4 5] The front board 5 presents routes for introducing 
the process gas into the process chamber 1. Concretely, as shown in 
Fig. 3 and Fig.4, gas - introduction holes 51 are perf orated wi th the 
front board 5. The gas - introduction holes 51 are penetrated through 
the front board 5 perpendicularly. Flowing through the gas -flow 
path 611 in the main body 61, the process gas is temporarily stored 
in a concavity provided at the down surface of the main body 61 i The 
process gas in the concavity flows down through each 



gas - introduction hole 51 of the front board 5. As a result, the 
process gas is introduced uniformly to the space between the front 
board 5 and the substrate holder 4, at which the plasma is generated 
as described. The gas - introduction holes 51 are provided uniformly 
so that the process gas can be introduced uniformly. Specifically, 
as shown in Fig. 3, the gas - introduction holes 51 are provided at 
points corresponding to crossing points on an orthogonal lattice. 
Diameter of each gas - introduction hole 51 is 0.3-0. 8mm. Distance of 
neighboring two gas - introduction holes 51 is 8-15mm. 

[0 0 4 6] Distance between the substrate holder 4 and the 
jij front board 5 is preferably 4 -60mm. If this distance is below 4mm, 

: i the plasma hardly diffuses at the space. If this distance is over 

?■% 60mm, the plasma diffuses too broadly, making the plasma density 

^ lower. As a result, etching rate may decrease. 

LJ [0 0 4 7] SizeVof the front board 5 , i.e., area of the surface 

facing to : the substrate 9, is preferably one to two times of the 
substrate 9. When the fro^at board 5 is smaller than the substrate 9, 
the etching rate may decrease at the periphery of the substrate 9, 
causing non-uniformity of ttte etching rate, because the plasma 

y^0^e nsit y decreases at the space rvegion adjacent to the periphery of 
the substrate 9 . On the other handXwhen the front board 5 is larger 
than two times of the substrate 9 \ the discharge space may be 
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expanded wa^tefully, bringing the problem that size of the process 



[0 0 4 8] Next, operation of the plasma - enhanced apparatus of 
the first embodiment is described. 

[0 0 4 9] The substrate 9 is transferred into the process 
chamber 1 by the transferring mechanism (not shown) , and placed at 
the substrate holder 4. Then, the elec tro - s ta t ic chucking 
mechanism 8 is operated to chuck the substrate 9 electro-statically 
on the substrate holder 4 . The process chamber 1 is pumped at a 
specific vacuum pressure in advance. In this state, the gas 
introduction system 2 is operated to introduce the process gas into 
the process chamber 1. The holder- side HF source 31 is operated to 
apply HF power to the substrate holder 4, thereby igniting HF 
discharge with the process gas. Plasma is generated through the HF 
discharge. Radicals of the process gas are produced in the plasma. 
Simultaneously, the self-bias voltage is generated from mutual 
reaction of the HF field and the plasma. The self -bias voltage 
provides an electric field perpendicular to the substrate 9, 
accelerating ions in the plasma toward the substrate 9. 

[0 0 5 0] Utilizing energy of incident ions, the surface of 
the substrate is etched by reaction with the radicals. In short, 
reactive ion etching is carried out. After carrying out the etching 



for a required time, operations of the gas introduction system 2 and 
holder- side HF source are stopped. After pumping the process 
chamber 1 again, the substrate 9 is transferred out. Then, the next 
substrate 9 is transferred into the process chamber 1, and the same 
etching process is repeated. As the etching process is repeated 
many times, the protector 64 is etched to be thinner. Therefore, the 
protector 64 is replaced to a new one after specific times of the 
etching process . 

[0 0 5 1] In the above - described plasma - enhanced processing 
apparatus, because the front board 5 is not screwed but just clamped 
by the clamping mechanism 63, much internal stress is prevented 
from being generated locally in the front board 5. Therefore, 
accidents such as the front board breaking do not happen.. By 
enlarging the contact area of the claming plate 631 and the front 
board 5, the front board 5 can be suspended more sufficiently in 
addition to reducing pressure given to the front board 5 . 

[0 0 5 2] Because uniformity of pressure from the front board 
5 onto the main body 61 is much improved in comparison with the 
screwing method', uniformity of thermal contact of the front board 5 
onto the main body 61 is much improved as well. Therefore, when the 
front board 5 is heated by the plasma, uniformity of temperature 
distribution on the front board 5 is improved. As a result, 
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uniformity of the etching onto the substrate 9 is improved as well. 

[0 0 5 3] In addition, by the described clamping mechanism 
63, the front board 5 is fastened with higher force than the 
screwing method as a whole. In the case the front board 5 is 
screwed, if it is intended to increase the whole fastening force of 
the front board 5, it is unavoidable that pressure onto the main 
body 61 is increased at a screwing position because the front board 
5 must be screwed tighter. However, the screwing force is limited to 
increase for preventing the front board breaking. Contrarily, in 
the case that the front board 5 is clamped by the clamping plate 
631, which is in surface contact with the front board 5, problems 
such as the front board breaking do not arise even if it is fastened 
with higher force, because the force given to the front board 5 
disperses. 

[0 0 5 4] Capability of pressing the front board 5 onto the 
main body 61 with higher force has the critical advantage with 
regard to temperature control of the front board 5. This point is 
described as follows. 

[0 0 5 5 ] Fig . 5 explains the advantage with regard to 
temperature control of the froiit board 5, showing temperature 
change of the front board 5 in repeating the etching. Fig. 5 (1) 
shows temperature change of the front board 5 screwed with the main 




body 61. Fig. 5 (2) shows temperature change of the front board 5 
clamped by the clamping mechanism 63 . 

[0 0 5 6] As shown in Fig. 5 (1), in the case that the front 
board 5 is screwed, temperature of the front board 5 increases 
throughout one time of the etching process without reaching thermal 
equilibrium, because of the bad thermal contact onto the main body 
61. During the time until the next etching is started, hereinafter 
called "etching interval", temperature of the front board 5 
decreases because it is cooled down by the cooling mechanism 65. 
However, the front board 5 is not cooled down to the initial 
temperature to because of the bad thermal contact. The next etching 
is started in this state. During the next etching, temperature of 
the front board 5 increases again receiving heat from the plasma. 
The temperature reaches the maximum value at the time the etching is 
finished, which is hereinafter called "ultimate temperature" . The 
ultimate temperature in the next etching exceeds that in the former 
etching. With the same way, as the etching process is repeated, the 
ultimate temperature increases more and more. 

[0 0 5 7] Iri the apparatus where the front board 5 is screwed, 
therefore , average temperature t* of front board 5 within the time 
of the one etching process \ hereinafter called " time - average 
temperature", gradually increases as the etching process is 




repeated and repeatecK Af ter all, the time -average temperature t a 
reaches thermal equilibrium at a temperature, increasing no more. 
"Thermal equilibrium" hereVeans that total quantity of heat given 
to the front board 5 within tfie time of the one etching process is 
equal to total quantity of heatNsimul taneously deprived the front 
board 5 of. Though the time - averagatemperature reaches the thermal 
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^7^> equilibrium, total quantity of heatViven to the substrate 9 from 

the front board 5 within the time of eaych etching process differs 

until then, because the time-average temperature ta differs. As a 

result, etched quantity in each etching process may differ. 

[0 0 5 8] As a method to make the time -average temperature 

constant in the apparatus where the front board 5 is screwed, aging 

of the front board 5 may be carried out in advance. Concretely, 

providing a heater for heating the front board 5 with the apparatus, 

the front board 5 is heated by the heater in advance so that the 

front board 5 can be in state of the thermal equilibrium from the 

first etching process. However, this method may decrease 

productivity of the apparatus because it requires an additionial 

step in making the apparatus available, and because the aging 

itself takes a long time. Besides, though this method makes the 

time - average temperature constant, because the front board 5 is 

used under higher temperature as a whole, the front board 5 probably 



may suffer thermal damage, shortening its lifetime. If it is 
intended to cool the front board 5 down to a temperature at which it 
does not suffer any thermal damage, the cooling mechanism 65 is 
required to be larger in scale because of the bad thermal contact. 

[0 0 5 9] Contrarily, in this embodiment, because the thermal 
contact is improved, the ultimate temperature during each etching 
process is lower as shown in Fig. 5 (2). The front board 5 reaches 
the thermal equilibrium within the time of one etching process. The 
front board 5 is cooled down to the initial temperature to in each 
etching interval. Therefore, the etching process is repeated in 
state of the time-average temperature constant as well as smaller 
temperature change of the front board 5 in each etching process. As 
a result, not only the etching progress is carried out uniformly in 
each time of the etching processes, but also reproducibility of the 
etching can be higher as the etching process is repeated. 
Additionally, in the apparatus of the embodiment, lifetime of the 
front board 5 is hot shortened because it is used under lower 
temperatures than the case that the aging is carried out. The 
productivity does not decrease either because the aging is not 
carried out. 

[0 0 6 0] The above description is about the advantage 
regarding to the thermal * contact . In addition to that, the 
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apparatus of the embodiment has the advantage that the electrical 
contact of the front board 5 onto the main body 61 is improved. In 
the case the front board 5 is screwed, the electrical contact 
probably may be insufficient because the screwing torque cannot be 
higher. As a result, the plasma may become unstable or insufficient 
because a required potential is not given to the front board 5. For 
example, impedance between the front board 5 and the main body 61 
increases, causing large HF-energy loss. Contrarily, in this 
embodiment, the front board 5 can be pressed onto the main body 61 
with enough force because it is clamped by the clamping plate 631. 
Therefore, the sufficient electrical contact of the front board 5 
onto the main body 61 is maintained. 

[0 0 6 1] Next, the second embodiment of the invention is 
described about. 

[0 0 6 2] Fig.6 is a front cross-sectional view of the main 
part of the plasma - enhanced processing apparatus of the second 
embodiment. The point characterizing the second embodiment is that 
the clamping plate 631 is flush with the front board 5. As shown in 
Fig.6, a step is provided on the periphery of the front board 5. 
Thickness of the part of the clamping plate 631 bent to the inside 
is equal to height of the step. The bent part of the clamping plate 
631 isin contact with the step. Also in the second embodiment, the 



clamping plate 631 is fastened on the insulation casing 62 by the 
clamping screw 632. The clamping plate 631 and the main body 5 clamp 
the front board 5 at the periphery. 

[0 0 6 3] The reason why the clamping plate 631 is made flush 
with the front board is that it is intended to improve the plasma 
characteristics at the space region adjacent to the periphery of 
the front board 5. As described, the etching process is carried out 
by generating the plasma between the front board 5 and the substrate 
9. For carrying out the etching uniformly onto the substrate 9, it 
is important to make the plasma uniform along directions parallel 
to the substrate 9. 

[0 0 6 4] In the first embodiment, the clamping plate 631 is 
not flush with the front board 5. The down surface of the clamping 
plate 631 is located lower than the front board 5. Beneath the 
clamping plate 631, the protector 64 is located. Therefore, the 
structure in the apparatus of the first embodiment does not 
correspond completely to the parallel -planar- electrodes type 
because the opposite electrode 6 projects downward at the 
periphery In such the structure, the plasma probably may lose 
uniformity/ resulting from distortion of the electric field at the 
space region adjacent to the pro j ec ting par t . "Distortion of the 
electric field" includes distortion of the HF field applied by the 




HF source and distortion of the sheath field around the plasma. 

[0 0 6 5] Contrarily, in the second embodiment, because the 
clamping plate 631 is flush with the front board 5, only the 
protector 64 projects downward from the down surface of the front 
board 5. In other words, the opposite electrode 6 projects less than 
the first embodiment. Therefore, the problem of the plasma 
non -uniformity caused from the electric field distortion is 
suppressed. 

[0 0 6 6] Next, the third embodiment of the invention is 
described about. 

[0 0 6 7] Fig. 7 is a front cros s - sec t ional view of the main 
part of the plasma - enhanced processing apparatus of the third 
embodiment. The point characterizing the third embodiment is that 
both of the clamping plate 631 and the protector 64 are flush with 
the front board 5. 

[0 0 6 8] Concretely, as shown in Fig. 7, the front board 5 has 
the same step as in the second embodiment. The ring-shaped clamping 
plate 631 is in contact with the step of the front board 5 at the 
part bent to the inside, being flush with the front board 5 . The 
clamping plate 631 has a step elongated circumf erent ial ly beneath 
the hole for the clamping screw 632. The ring - shaped protector 64 is 
provided occupying the step of the clamping plate 631. The 
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protector 64 is in contact with the step at the part bent to the 
inside, being flush with the clamping plate 631 . 

[0 0 6 9] Therefore, there is no member projecting downward 
from the down surface of the opposite electrode 6 in the third 
embodiment. The\ structure of the perfect 
parallel -planar - electrodes type is established. Uniformity of the 
plasma along directions parallel to the substrate 9 is improved 
more than the second embodiment, resulting in that uniformity of 
(the etching onto the substrate 9 improved. The clamping plate 631 
is preferably made of material no ty contaminating the substrate 9, 
for example silicon mono - crystal , \because it probably may be 
exposed to the plasma. 

[0 0 7 0] Next, the fourth embodiment of the invention is 
described about. 

[0 0 7 1] Fig. 8 is a front cross - sec tional view of the main 
part of the plasma - enhanced processing apparatus of the fourth 
embodiment. The point characterizing the fourth embodiment is that 
the protector 64 is flush with the front board 5. As shown in Fig. 8, 
the front board 5 has almdst the same step at the periphery as the 
second and third embodiment. Height of the step is equal to sum of 
thickness of the level portion of the claming plate 631 and 
thickness of the level portion of the protector 64. The step of the 



front board 5 is occupied by the level portion of the claming plate 
631 and the level portion of the protector 64. Therefore, the 
protector 64 is flush with the front board 5 . 

[0 0 7 2] Also in the fourth embodiment, because of no 
projecting member, uniformity of the plasma is improved along 
directions parallel to the substrate 9, thereby enabling to improve 
uniformity of the etching onto the substrate 9. In addition, in 
comparison with the third embodiment, this embodiment has the merit 
that material of the clamping plate 631 is not limited because it is 
not exposed to the plasma. 

[0 0 7 3] The described apparatuses of the embodiments are 
preferably operated under the condition shown in Table 1. 

[0 0 7 4] When the etching is carriied out on a BSPG 
(Boron-doped Phospho- silicate Glass) film deposited on a silicon 
wafer of 200mm in diameter under the condition of Table 1, the film 
can be etched at about 6000 angstrom per minute . "SCCM" in Table 1 
means gas flow rate converted at 0 and latm, standing for 
Standard Cubic Centimeter per Minute. 

[0 0 7 5]. . ' " ■ 1 . 



Table 1: Preferred Operating Condition 



Pressure in process chamber 


3 5mTorr 


Process gas 


Mixture of C4F 8 , W~and Ar 



9* 



Flow rate of process gas 
C4F8 
O2 
Ar 


22 . 5SCCM 
10 . 5SCCM 
400SCCM 


Holder-side HF source 


1 . 6MHz, 2000W 


Extra HF source 


60MHz, 1750W 


Material of front board 


Silicon poly-crystal 


Thickness of front board 


10mm 


Diameter of front board 


2 8 5mm 


Coolant in main body 


Fluorinart 


Coolant temperature 


20-80 


Flow rate of coolant 


151i ter/min . 


Distance of front board and 
substrate holder 


2 4 mm 



[0076] The inventor experimentally confirmed that 
accidents such as the front board breaking did not happen even when 
it was installed with greater force. This experiment is described 
using Table 2. In this experiment, two apparatuses were prepared. 
In the one apparatus, the front board is screwed. In the other 
apparatus, the front board is clamped by the clamping mechanism as 
the described apparatus of the embodiments . 
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[0 0 7 7] Each apparatus was operated under the described 
condition, varying torque in screwing the front board or torque in 
screwing the clamping plate. After repeating the etching processes 
of 2000 times, whether the front board breaking or the screw 
loosening had happened or not was checked out. 
Table 2: Comparison of screwing and clamping 



Torque 


Screwing 


Clamping 


(Nm) 


Front board 


Screw 


Fr on t board 


Screw 




breaking 


loosening 


breaking 


loosening 


0 . 08 


o 


X 


o 


X 


0 . 5 


X 




o 


X 


1 . 0 


X 




o 


O 


1 . 2 


' ' X. ! 




o 


o • 


1.5 


X ' 




o 


O 


2 . 0 


X 




o 


• o ■ 



[0 0 7 8] In table 2, "O" at the "front board breaking" means 
the. front board was not broken, and means the front board was 

broken. 1 "O" at the "screw loosening" means the screw did not 
loosen, and *' x " means the screw loosened. 

[0 0 7 9] As shown inVrable 2, in the structure where the 
front board is" screwed directW on the main body, the front board 
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was broken when it\ was screwed with torque of 0 . 5Nm or more. It 
means that the front board must be screwed with torque below 0.5Nm. 
On the other hand, the\ screw loosening happened at the 0.08Nm 
torque. This was resulted Yrom that the front board and the screw 
repeated thermal expansion and thermal shrinkage alternatively as 
> ($^the etching process and the\ etching interval are repeated 
1 ternatively . The screw supposedly loosened from difference of 
thermal expansion coefficient or thermal shrinkage coefficient. It 
is considered that installation or thermal contact of the front 
board onto the main body had become much insufficient from such the 
screw loosening. 

[0 0 8 0] Contrarily, as shown in Table 2, in the structure 
where the front board is clamped by the screwed clamping plate, the 
front board breaking was not recognized even when the screwing 
torque was increased up to 2 . ONm. At the screwing torque of 1 . ONm or 
more, no screw loosening was recognized. These results demonstrate; 
that the apparatus of each embodiment can improve thermal contact 
of the front board onto the main body by pressing the front board 
onto the main body with greater force. 

[0 0.8 1] Next, shewing torque for adequate thermal contact 
\^ / is described about using^ig.9. Fig:9 shows result of an 
examination for relationship betWn screwing torque of the 




clam|>ing plate and contact of the front board on the main body. In 
this experiYtveivt , heat resistance (KW'm) between the front board and 
the main body wastne^sured when the apparatus of the first 
embodiment was operated under>kedescribed condition (Table 1), 
varying screwing torque of the clamping pra^e. 

[0 0 8 2] As shown in Fig. 9, the heat resistance decreases as 
the torque is increased, demonstrating improvement of the thermal 
contact. Decrease of the heat resistance becomes dull around the 
1 . ONm torque, and almost constant at the l.SNm torque or more . These 
results demonstrate that the screwing torque of 1 . ONm or more is 
preferable for securing effects of improvement of thermal contact 
and prevention of screw loosening. 

[0 0 8 3] Next is described an examination for relationship 
between screwing torque of the clamping plate and reproducibility 
o ( f the etching. Fig. 10 shows result of this examination. In this 
experiment, the etching rate in the cases of the screwing torque of 
0 . 08Nm and 1 . 2Nm was measured when the etbhing process was repeated 
operating the apparatus of the first embodiment under the described 
condition. 

. ; [0;0 8 4] As shown 3sn Fig. 10, in the case of the 0.08Nm 
screwing torque, etching ratte dropped by the fifth times of the 
etching process. In other words\ reproducibility of the etching 



decreased large^. This is supposedly resulted from that 
temperature of the\front board, specifically the time-average 
temperature, rapidly increased because of the bad thermal contact 
onto the main body. Anyway, this case probably may cause problems 
such as excessive etching^ or etching shortage because of low 
reproducibility. The reason why etching rate in the case of the 
S0.08Nm torque is higher than rn the case of the 1.2Nm torque is 
supposedly that temperature of thte substrate was maintained in an 
adequate range because heat irradiation that the substrate 
received was reduced, resulting f romv that the front board was 
cooled efficiently. 

[0 0 8 5] In the described apparatus of each embodiment, 
material of the front board 5 may be silicon carbide or 
silicon - impregnated silicon carbide, instead of silicon 
poly -crystal , silicon mono - crystal , quartz, or carbon. The front 
board also can be formed of carbon with a silicon carbide film 
deposited on it, or carbon having a surface inverted to silicon 
carbide. In addition, the front board 5 can be made of insulator 
such s silicon nitride/ alumina, or sapphire. ?i * 

[0 0 8 6 ■■]* ' There are many, compositions of the clamping 
mechanism 63 other than the described one. For example, the 

& - \ 

^ clamping mechanism 63 may be composed ot\a couple of clamping plate. 
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The claming plate 631 may be pressed onto the front board 5 with an 
elastic member like spriiig . The clamping plate 631 may be installed 
by another means than scrvewing. Except the front board 5, the 
clamping plate 631 may be fastened on another member than the main 
body 61 . 

[0 0 8 7] The front board 5 and the substrate holder 4 may face 
in parallel to each other posing vertically. Other than a 
semiconductor wafer, the substrate 9 may be for a display device 
such as a liquid crystal display (LCD) . The plasma generation means 
3 may be one that generates plasma by applying HF voltage to the 
front board 5, not with the substrate holder 4. If HF voltage is not 
applied to the substrate holder 4 for plasma generation, no 
self -bias voltage is given to the substrate 9. Still, that type of 
apparatus can be used preferably for reactive etching process that 
does not need to utilize incident ions 1 HF voltage may be applied to 
both of the front board 5 and the isubstrate holder 4. In this case, 
it is possible to utilize ions incident on the substrate 9 to which 
the self-bia's voltage is given by HF voltage applied to the 
substrate holder 4, generating plasma by HF voltage applied to 
front board 5. 

[0 0 8 8] This Invention can be applied to many kinds of the 
plasma - enhanced processing apparatuses such as plasma - enhanced 




chemical vapor deposition (CVD) apparatuses, plasma - enhanced 
ashing apparatuses and plasma - enhanced surface nitriding 
apparatuses, other than the described plasma - enhanced etching 
apparatus. In a plasma - enhanced CVD apparatus, for example, plasma 
is generated introducing gas capable of deposition, such as gas 
mixture of silane and hydrogen. In a plasma - enhanced ashing 
apparatus, plasma is generated introducing gas capable of ashing, 
such as oxygen. 
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